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ABSTRACT
This paper examines the knowledge creation, sharing and
transferring process within manufacturing firms in an in-
novation perspective. First, using French data set, we aim
at studying the complementarities between human re-
source management and knowledge management practices
(henceforth, HRM and KM), and their impact on innova-
tion. Organizational diversity of the firms is showed.
Three clusters or bundles of organizational practices are
identified as “HRM and KM practices systems”. They
characterized respectively (i) traditional firms at the work
organization concerned; (ii) firms using incentives person-
nel practices and (iii) learning firms using, added to incen-
tives, knowledge management practices. They correspond
to theoretical organizational models including modern
organizational forms, based on incentives to develop com-
petencies and knowledge, without forgetting inspired
tayloring firms. Empirical results permit to conclude that
HRM and KM practices bundles have significant and posi-
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tive impact on innovation performance, while marginal
changes in individual practices have little effect. Second, in
order to confirm these complementarities, we focus on four
specific practices mainly used by firms: team, incentives,
training and knowledge management. We use a new test-
ing procedure, based on the supermodularity concept, for
complementarity and substitutability in case there are
multiple organizational practices that affect innovative
performance. This procedure is based on multiple inequal-
ity restriction. Our results suggest that firms use some
practices in a joint way and systematically, and account for
existing synergies. The result supports the notion that
knowledge management is more effective if accompanied
by team organization and associated incentives. This im-
plies to construct a more comprehensive integration be-
tween agency and incentives theories and theories based
on competencies and knowledge.
Keywords: Knowledge Management; Human Resource
Practices; Innovation; Complementarity; Supermodularity.
RESUMO
Este artigo examina a criação do conhecimento, bem como
a partilha e a transferência de processos em firmas de
manufatura  na perspectiva da inovação. Primeiramente,
usando dados franceses, mostra a complementariedade en-
tre a gerência de recursos humanos e as práticas de gerência
do conhecimento (HRM e KM), e seu impacto na inovação.
Expõe a diversidade organizational das firmas. Três conjun-
tos ou pacotes de práticas organizationais são identificados
como “sistemas das práticas HRM e de KM”. Caracteriza-
mos, respectivamente, (i) firmas tradicionais na organização
do trabalho; (ii) firmas usando práticas de gestão de  pessoal
com  incentivos e (iii) firmas de aprendizagem, adicionando
aos incentivos práticas de gerência do conhecimento.
Correspondem aos modelos organizationais teóricos,
includindo  arquiteturas  organizationais modernas, basea-
das em incentivos para desenvolver competências e conhe-
cimento, sem deixar de lado firmas inspiradas em  tayloring.
Os resultados empíricos permitem concluir que os pacotes
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das práticas de HRM e de KM  produzem significativo e
positivo impacto  no desempenho da inovação, quando
mudanças marginais em práticas individuais dão pouco
resultado. Além disso, a fim de confirmar tais
complementariedades, concentramo-nos  em quatro práticas
específicas usadas, principalmente, por firmas: gerência da
equipe, dos incentivos, do treinamento e do conhecimento.
Empregamos novo procedimento, baseado no conceito de
supermodularidade, para estudar a  complementaridade  e
a substitutabilidade em  casos onde práticas organizationais
múltiplas afetam o desempenho inovativo. Este procedi-
mento baseia-se  na limitação múltipla da desigualdade.
Nossos resultados sugerem que as firmas usam certas prá-
ticas de maneira comum e sistematicamente, que explicam
sinergias existentes. O resultado confirma a noção de que a
gerência do conhecimento é mais eficaz quando acompanha-
da pela organização da equipe e por incentivos conjuntos.
Isto implica  na construção de maior  integração  entre as
teorias da agência e dos incentivos e as teorias baseadas em
competências e em conhecimento.
Palavras-chave: gerência de conhecimento; recursos huma-
nos; inovação; complementaridade; supermodularidade.
INTRODUCTION
 Is it possible to understand technological innovation independ-
ently of human resources management and knowledge management
practices? Do competencies and knowledge are substitutes or com-
plements to incentives and motivations? Where is the place for the
integration of incentives theories and competencies theories?
In order to respond to these questions, this paper examines the
knowledge creation, sharing and transferring process in French
manufacturing firms in an innovation perspective. Since employees,
competencies and knowledge are an innovative firm’s major asset,
we investigate arrangements capable of enhancing, capturing and
utilizing knowledge within the firm. The aim of this paper is to
study the complementarities between specific human resource
management practices (henceforth HRM) and knowledge manage-
ment (KM), and their impact on innovation.
Complementarity provides a way to capture the intuitive ideas
of synergies and systems effects, i.e. “the whole is more than the
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sum of the parts”. Complementarity between variables or strategies
is achieved “if doing more of one thing increases the returns to
doing more of another” (Milgrom and Roberts, 1995, p. 181). We
thus have mutual reinforcement between these variables.
Complementarity between a set of variables means that the mar-
ginal returns to one variable increases the level of any other vari-
able. In the case of discrete decisions variables, the notion of
complementarities requires to use the theoretical concept of
supermodularity within the mathematical concept of lattices.
First, we study organizational diversity of manufacturing firms
linked to theoretical organizational models. Three clusters or bun-
dles of organizational practices are identified as “HRM and KM
practices systems”. These three clusters characterized respectively
(i) traditional firms at the work organization concerned; (ii) firms
using incentives personnel practices and (iii) learning firms using,
added to incentives, knowledge management practices. They corre-
spond to theoretical organizational models including modern or-
ganizational forms without forgetting inspired tayloring firms, but
show the important place of incentives to develop competencies and
knowledge. We investigate the impact of organizational models on
innovation performance compared to marginal changes in indi-
vidual practices. Empirical results permit to conclude that HRM and
KM practices form a coherent system of mutually reinforcing prac-
tices and act in favour of technological innovation. Second, in order
to confirm these complementarities, we use a new testing procedure
for complementarity and substitutability in case there are multiple
organizational practices that affect innovative performance (Lokshin
et al., 2004; Galia and Legros, 2006; Mohnen and Röller, 2005;
Percival, 2005). This procedure is based on multiple inequality re-
striction. This testing methodology is applied to test the
complementarities between four practices such as: team, incentives,
training and knowledge management. Our results suggest that firms
use some practices in a joint way and systematically, and account
for synergies existing between these practices. The result supports
the notion that knowledge management is more effective if accom-
panied by team organization and associated incentives. In other
words, team work must be systematically associated with incentives
and knowledge management in order to reach the maximum per-
formance. It pleads in favour of the important interrelations and
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couplings between specific HRM practices and knowledge manage-
ment to enhance innovation performance. These results imply a
more comprehensive integration between agency and incentives
theories and theories based on competencies and knowledge.
This paper is organized as follows. Reviews the literature on
HRM and KM practices complementarities and their impact on in-
novation performance. Introduces the testing method for
complementarity. Describes the data and the variables. Introduces
the Factor Analysis and Clustering method. Econometric specifica-
tions and main results are presented and discussed in conclusions.
INCENTIVES, COMPETENCIES AND KNOWLEDGE
Knowledge based theory of the firm is developed in recent contri-
butions in economic and management literature and describe ap-
proaches which organize knowledge creation and exploitation (Nonaka
and Takeuchi, 1995; Tidd, 2000; OECD, 2000; Tomlinson, 2002; Foss
and Mahnke, 2003). Competitive advantage depends upon the firm
utilization of existing knowledge and its ability to generate new knowl-
edge more efficiently. Competencies concerning knowledge manage-
ment influence the spread and increased performance of information
and communication technologies (ICT) and the way knowledge can be
accessed and disseminated much more readily. In this paper, we pay
attention to the fact that knowledge is based around solving new prob-
lems within teams, in an innovation perspective, which often require
a multidisciplinary approach and adequate HRM practices (Foray and
Lundvall, 1996; Foray, 2001). We describe the way firms and employ-
ees learn, work and communicate knowledge within and without the
firms by using team, incentives and training procedures.
Employees, competencies and knowledge constitute a competi-
tive advantage. Coordination and incentives mechanisms contribute
to the efficiency of the creation and exploitation of knowledge. The
firm can be presented as a competent team where a tacit organiza-
tional competence improve the productivity through selecting and
allocating competent people (Eliasson, 2000). Therefore, human
resource management practices are not only important but consti-
tuted one the most strategically relevant resources (Milgrom and
Roberts, 1990, 1995; Baron and Kreps, 1999).
New types of incentives and procedures permitting an efficient
knowledge creation and sharing, within teams, are required to en-
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courage people in a knowledge-based economy. Stimulating creativ-
ity and sharing knowledge become essential and require appropri-
ate HRM practices (Gupta and Singhal, 1993). Recent empirical
evidence tend to prove that knowledge development and utilization
can be facilitated by human resource practices (Leiponen, 2000a,
2000b; Laursen and Manhke, 2001; Laursen, 2002; Galia and Legros,
2004). At the individual level, increased delegation of responsibility
and freedom for creativity may better allow for discovery and uti-
lization of local and dispersed knowledge inside firms. Focusing on
the interrelations and complementarities between specific HRM
practices and knowledge management we identify in this paper
these complementarities and synergetic effects, and the firms’ char-
acteristics conducive to innovation.
The approach in terms of competencies has been developed in
order to understand the internal design of the firm. Penrose (1959)
first work presents the firm as a collection of resources1 associated
with an administrative structure. The firm is characterized by one
specific combination of resources. The competence is constituted by
the set of knowledge characterizing the firm and being at the origin
of is competitive advantage. The know-how and the capacities of
reaction and adaptation complete the resources. Competencies are
contained in the routines of the firm defined by Nelson and Winter
(1982) as mechanicals rules of behavior (rules of thumb). These
routines allow the firm to face complexity and uncertainty.
Organizational competencies are determined by a hierarchy of
routines. They are elemental organizational knowledge, their coor-
dination and the decision procedure permitting to choose the right
strategy. The organization, i.e. the firm (supporting the knowledge)
is a “whole in terms of competencies more than the sum of the
parts” (Penrose, 1959; Milgrom and Roberts, 1990, 1995; Foray and
Mairesse, 1999). So, the firm is an organization working as a team
and its efficacy is clearly superior to the sum of its constituting
parts. In others words, the administrative structure of the firm is
more than a collection of individuals.2
1 The resources are defined as tangibles and intangibles factors, and services extracting
from these factors.
2 Carlsson and Eliasson (1994) define four types of competencies (selection capacity,
organizational competence, technical competence, learning capacity) being complements
at the level of the firm.
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Knowledge development and utilization can be facilitated by
human resource practices (Gupta and Singhal, 1993; Nonaka and
Takeuchi, 1995; Leiponen, 2000a, 2000b, 2000c; Laursen and Mahnke,
2001; Laursen, 2002). Competitive advantage depends upon the firm
utilization of existing knowledge and its ability to generate new
knowledge more efficiently (Penrose, 1959; Nonaka and Takeuchi,
1995; Tidd, 2000; OECD, 2000). At the individual level, increased
delegation of responsibility and freedom for creativity may better
allow for discovery and utilization of local and dispersed knowledge
in the organization.
Additionally, interdisciplinary team-work, regrouping employ-
ees with different characteristics, knowledge, expertise and skills,
may be conducive to innovation (Gupta and Singhal, 1992; Milgrom
and Roberts, 1990, 1995; Baron and Kreps, 1999). Team-based work
can also facilitate cross-functional communication, enhance worker
involvement, and develop or better utilize talent to serve strategic
aspirations (Gupta and Singhal, 1993; Huselid, 1995). Autonomy in
the job can be very effective in mobilizing personal knowledge as it
helps organizational members to understand a firm’s business from
a variety of perspectives. It provides coordination advantages when
engineers and workers perform several tasks and therefore under-
stand problems of colleague better. Among other things teams often
bring together knowledge and skills which, before introduction of
teams, existed separately resulting in “new combinations”. Moreo-
ver, team organization have to be coupled with specific procedures
of incentives and reward devoted to the formulation of new ideas
in order to motivate and facilitate creation and sharing of new
knowledge within the firm.
Firm internal and external training contribute also to innova-
tion performance. Firms upgrade skills and expertise of workers
through on-the-job training, seminars, learning by doing to create
firm specific human capital. When employees are concerned by the
right (intrinsic or extrinsic)3 motivation, they may invest more in
upgrading their skills if extensive problem-solving rights apply.
Conversely, benefits from giving shop floor employees more prob-
3 Baron and Kreps (1999) defined intrinsic factors as whose associated with the work itself,
frequently for the sake of personal satisfaction (work environment, quality of co-workers,
ability and freedom for creativity to pursue research interests of greatest interest to the
R&D personnel or researchers). Extrinsic factors are programs and inducements designed
to encourage personnel (rewards, compensation, public and peers recognition).
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lem-solving rights will likely depend positively on the level of train-
ing of such employees.
All such practices are likely complementary to various incen-
tive-based reward and remuneration schemes (whether based on
individual, team or firm performance, see Holmstrom and Milgrom,
1994) that reduce turnover. High powered incentives may be used
to induce contributions through providing larger shares of quasi
rents to employees. Thus, compensation, reward and career systems
influence employees’ contribution.4
TESTING FOR COMPLEMENTARITY: SUPERMODULARITY
OF THE INNOVATION FUNCTION
 Recent theory of the firm and HRM practices (quoted above)
provides a way to capture the intuitive ideas of synergies and sys-
tems effects, i.e. “the whole is more than the sum of the parts”.
Complementarity between variables or strategies is achieved “if
doing more of one thing increases the returns to doing more of
another” (Milgrom and Roberts, 1995, p. 181). We thus have mutual
reinforcement between these variables, acting as a synergetic effect.
In a standard (differentiable) framework, complementarity
between a set of variables means that the marginal returns to one
variable increases the level of any other variable. Formally, the
cross-partial derivatives of some payoff function (like profit or in-
novation) are positive. When the decisions variables are discrete, in
the case of qualitative variables, the notion of complementarities
requires that some order relations be put on the objects under con-
sideration, formalized by the theoretical concept of supermodularity
within the mathematical concept of lattices.5
The pioneer research in economics by Milgrom and Roberts
(1990, 1995), using the theoretical concept of lattices and
supermodularity (see Topkis, 1998), study the complementarity
among a variety of decision variables, such as production, flexibility,
4 Gupta and Singhal (1993) describe four dimensions (human resource planning,
performance appraisal, reward system and career management) fostering innovation and
creativity within the firm.
5 This research area started with the work of Samuelson (1974), Vienott (1989) and Topkis
(1998). Specially, a lattice (X,³) is a set (X) with a partial order (³) where each pair of
elements {x,y} has a least upper bound, noted xÚy, and a greatest lower bound, noted
xÙy (Topkis, 1998, p. 13). See also Amir (2004) for a theoretical survey dedicated to
economic applications.
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innovation, skills, training, incentive schemes and organizational
decisions. Given complementary, a practice or a strategy is more
likely to be adopted at a higher level if other practices are adopted at
high level, too. This emerging important literature in organizational
economics (complementarity and systemic effect between HRM prac-
tices) is also considered by Holmstrom and Milgrom (1994) and
Ichniowski et al. (1997). Baron and Kreps (1998) promote consistent
HRM (“best”) practices used in a system-like manner. For example,
authors suggest that HRM policies that emphasize extensive and
intensive training should be complemented by compensation, promo-
tion, and recruitment policies that reduce turnover.
The empirical literature studying complementarities between
various variables proposes three types of approaches: the correla-
tion approach, the reduced form exclusion restriction approach and
the productivity approach (see Athey and Stern, 1998).
The first approach tests the positive correlation between vari-
ous variables conditional on a certain number of common explana-
tory variables. In other words, complementarity creates a force in
favor of positive correlation (or clustering) between two variables,
even after controlling for observable, exogenous characteristics. This
insight, analyzed theoretically in Holmstrom and Milgrom (1994),
Arora and Gambardella (1990), and Arora (1996), motivates the use
of the correlation approach. Most of recent empirical papers about
complementarity use this approach.6
The idea of the second approach is the following: a factor
which as an effect on one variable will not be correlated with an-
other variable unless the variables are complementary. As noted by
Athey and Stern (1998) and discussed by Arora (1996) this approach
does not provide a general solution for testing complementarity
when there are more than two choices variables.
Finally, the third approach which we pursue here consists in
modelling a measurement of firm’s objective function with a set of
regressors, including the interaction effects or clusters between sev-
eral variables, interpreted as parameters of complementarities. In this
paper, we consider the innovation function as the firm’s objective
6 A substantial benefit of the correlation approach is that it can be used even if only the
choice variables are observed. Thus, availability of data on the objective function is not
required. Studies which use this approach include Ichniowski, Shaw and Prennushi (1997);
Colombo and Mosconi (1995); Laursen and Mahnke (2001); Galia and Legros (2004).
ORGANIZAÇÕES EM CONTEXTO
Organizações em contexto, Ano 3, n. 5, junho 2007138
function. Ichniowski, Shaw and Prennushi (1997) provide the most
convincing example of the application of this approach on HRM
practices.7 Authors define and assume their different HRM “systems”
(i.e. particular combinations of HRM practices) from the outset only
in steel-finishing lines. Empirical evidence demonstrate that lines
using incentive pay, teams, flexible job assignments, employment
security and training achieve substantially higher productivity levels,
than do lines with more traditional HRM approach. Furthermore, in
different empirical studies the HRM “systems” emerge out of the
empirical analysis (using clustering method).8 They all conclude that
coherent high performance HRM “systems” have an economic and
empirical positive effect on firm performance and innovation.
Following also this approach, Mohnen and Röller (2005) directly
estimate the innovation function and investigate whether the innova-
tion function is supermodular in the four policy action considered.9
Lokshin et al. (2004) study complementarity between practices for the
case of three and four practices. On the one hand, they test for
complementarity between product, process and organizational inno-
vation and their impact on labour productivity. On the other hand,
they discuss complementarity between four different types of R&D
cooperation strategies. Percival (2005) estimate complementarities in
the implementation of advanced manufacturing technologies in
Canada. In this paper we test the supermodularity of the innovation
function in four specific practices.
In the case of discrete decisions variables, the notion of
complementarities requires to use the theoretical concept of
supermodularity within the mathematical concept of lattices. We define
complementarity in the objective function f as follows (see for example
Topkis, 1998, p. 43):
7 Others studies on HRM practices using the productivity approach are Huselid (1995);
Becker and Huselid (1998); Leiponen (2000a, 2000b); Laursen and Foss (2003); Lhuillery
(2003); Galia and Legros (2005). They all conclude that coherent high performance HRM
“systems” (i.e. particular combinations of HRM) have an economic and empirical positive
effect on firm performance and innovation.
8 See Becker and Huselid (1998); Leiponen, (2000a, 2000c); Karray, (2001); Tomlinson,
(2002); Laursen and Foss, (2003); Lhuillery, (2003) and Galia and Legros (2005).
9 More precisely, authors use CIS1 survey data from four European countries and consider
four types of obstacles that are affected by policies: (i) lack of appropriate sources of finance,
(ii) lack of skilled personnel, (iii) lack of opportunities for cooperation with other firms and
technological institutions, and (iv) legislation, norms regulation, standards and taxation.
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A useful result for the empirical analysis below is that it suffices to
check pairwise complementarities in case there are more than two
dimensions in the lattice (Topkis, 1978). In other words, a function is
supermodular over a subset of its arguments, if and only if all
pairwise components in the subset satisfy the above definition.
In particular, we consider in this paper an innovation function
I of which the value is determined by the discrete practices
(p=1,...,n). Using the above definition of supermodularity and con-
sidering the first two practices we can write:
In our case, since the HRM and KM practices are of dichotomous
nature (1 if firm use the practice considered; 0 otherwise), it
represents a special case of this definition. Suppose there are two
binary practices, the collection of possible combinations D consists of
four elements D={(0,0),(0,1)(1,0)(1,1)} as defined usually in binary
order. Using the above definition of supermodularity implies that
there is only one nontrivial inequality constrain I(1,0)-I(1,1)<I(0,0)-
I(0,1) or equivalently I(1,1)+I(0,0)-I(1,0)-I(0,1)>0. We can rewrite this
inequality as I(1,0)-I(0,0)<I(1,1)-I(0,1). The intuition from this last
inequality is that using the first practice is more effective when the
second practice is used.
We can illustrate our purpose with a simple example. Suppose
a firm can use team-based work and incentive schemes (correspond-
ing to ) or not at all (corresponding to ), as well as the mixed cases
corresponding respectively to the only use of team and to the only
use of incentives (corresponding respectively to and ). The above
inequality constrain I(1,0)-I(0,0)<I(1,1)-I(0,1) defining complementarity
implies that using the first practice (team-based work) is more effec-
tive when the second practice (incentive schemes) is used. In other
words, the impact of team-based work is higher whenever we have
incentive schemes.
As we test in this paper for complementarity between the four
following practices: team, incentives, training and knowledge man-
agement, we rewrite the associated inequality constrains. With four
practices, ( x1,  x2 , x3 , x4),  the collection of possible combinations D
contains 24 =16 elements. Thus, the elements of D are the following:
(0,0,0,0), (0,0,0,1), (0,0,1,0), (0,0,1,1),...,(1,1,1,1). The set D is a lattice
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as the elements are ordered as the component-wise order under the
“max” operation. Using the above definition of supermodularity,
and the fact that we only need to check pairwise complementarities,
the number of nontrivial inequality constraints is equal to ,
                 where K is the number of practices. As we consider
here K=4 practices, we have a total of 24 nontrivial inequality con-
straints.
More precisely, as we only need to check pairwise
complementarities and we consider K=4 practices, we have 6 possi-
ble pairs of practices such as: x1, and x2 , x1, and x3, x1, and x4 , x2 and
x3 , x2 and x4 , and finally x3 and x4. Then, we can write the con-
straints corresponding to complementarity between each pairs of
practices. We thus have a total of 24 nontrivial inequality con-
straints as we said above.
Using the above definition of supermodularity we can write the
4 nontrivial inequality constraints concerning complementary be-
tween practices and in innovation function I as
I(1,0, x3 , x4) - I(1,1, x3 , x4) d” I( 0,0, x3 , x4) - I( 0,1, x3 , x4)  (3,1)
                     where( x3 , x4) = { ( 0,0), (0,1) (1,0) (1,1) }
or equivalently
I(1,1,0,0)+I(0,0,0,0)-I(1,0,0,0)-I(0,1,0,0) e”0  (3,2)
I(1,1,0,1)+I(0,0,0,1)-I(1,0,0,1)-I(0,1,0,1) e”0
I(1,1,1,0)+I(0,0,1,0)-I(1,0,1,0)-I(0,1,1,0) e”0
I(1,1,1,1)+I(0,0,1,1)-I(1,0,1,1)-I(0,1,1,1) e”0
Similarly, the 4 nontrivial inequalities necessary to hold for
practices x1 and x3 to be complementary are
I(1, x2 , 0, x4) - I(1, x2 , 1, x4) d” I( 0, x2 , 0 , x4) - I( 0, x2 1,, x4)
                     where( x2 , x4) = { ( 0,0), (0,1) (1,0) (1,1) }
The remaining 16 constraints corresponding to complementarity
between practices x1 and , and x4 , x2 and x3 , and finally x3 and x4 are
analogous. Complementarity over all HRM and KM practices is given,
whenever all the 24 inequality constraints are satisfied.
Previous research examining complementarity between more than
two practices has however been limited to estimating the pair-wise
2  (k-2) ∑i=1k-1 i,
INCENTIVES, COMPETENCIES AND KNOWLEDGE
Organizações em contexto, Ano 3, n. 5, junho 2007 141
interaction effects (i.e. the first restriction of equation (3.2)),10 with the
exception of Lokshin et al. (2004), Percival (2005), Mohnen and Röller
(2005) and Galia and Legros (2006), ignoring that complementarity is
only established if it is holds regardless of the others practices adopted
(i.e. ignoring the last three restrictions of equation (3.2)).
This approach is problematic because it ignores terms and is
prone to an omitted variable bias which affects all coefficients used in
the complementarity test. Therefore, the proper complementarity or
substituability test requires consideration of the complete set of HRM
and KM practices: testing a set of multiple linear inequality restrictions.
In order to test these inequality constraints, we need to esti-
mate the innovation function I. Therefore, we include a set of state
dummy variables denoted by D as explanatory variables. As de-
fined above, D is the collection of possible combinations of the four
HRM and KM practices. Using the convention of binary algebra, we
define the 16 dummy variables constituted D. The estimated coef-
ficients associated to these state dummy variables allow us to test
for complementarities between the four HRM and KM practices.
Additionally, we include firm-level control variables such as:
size, technological intensity, group membership and R&D dummies.
After estimating the innovation function I, we apply the statis-
tical tests of versus with R having rank k in the standard linear
model y=Xb+e with one of the inequalities holding strictly (see
Gouriéroux et al., 1982). This can be viewed as a distance or Wald
test that permit to test simultaneously the above 24 inequality con-
straints. We follow Kodde and Palm (1986) who provide lower and
upper bound critical values for this test.11 The null hypothesis is
accepted when values of the Wald test are below the lower bound.
On the contrary, a rejection of the null hypothesis occur when val-
ues are above the upper bound. The test is inconclusive when val-
ues are between the two bounds.
We next turn to the data description and the empirical analysis,
which will test for complementarity between HRM and KM practices.
10 Examples of this research include Ichniowski et al. (1997); Becker and Huselid (1998);
Michie and Sheehan (1999); Leiponen (2000a, 2000b, 2000c); Caroli and Van Reenen
(2001); Lhuillery (2003); Laursen and Foss (2003) and Galia and Legros (2005).
11 Critical values for significance levels are ranged in size from 0.25 to 0.01 and degrees of
freedom from 1 to 40.
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DATA
The data used for this study come from two French data sets.
The first one is the “Compétences pour Innover” 1997 survey, over the
period 1994 to 1996, carried out by SESSI.12 This is non-mandatory
survey sampled 5,000 manufacturing firms with at least 20 employ-
ees. In order to grasp the competencies to innovate, the questionnaire
is built on a multidisciplinary way (see François, 1998; Foray and
Mairesse, 1999). Firms respond to 9 large class of competencies (C1
to C9) given 73 elementary competencies, considered as organiza-
tional practices. All elementary competencies are of dichotomous
qualitative nature (1 if firm have the competence considered; 0 oth-
erwise). Focusing on the internal organizational practices and human
resources management practices (C7) dedicated to the production of
knowledge (C4), intellectual property rights (C6) and technological
innovation (C3), four large questions are specially investigated.
The second data set is the French second “Community Innova-
tion Survey”, “L’Innovation Technologique dans l’Industrie” (CIS2), also
carried out by SESSI over the period 1994 to 1996, results from a
questionnaire sent to a representative sample of more than 5,000
manufacturing firms above 20 employees. This investigation be-
longs to the Community Survey13 on technological innovation (for
a detailed description, see François and Favre, 1998). The firms
answer primarily on the nature of the technological innovations
(products/processes, firm/market), the supervision of these inno-
vations (i.e. innovation projects), the internal and external sources
(of R&D), the objectives of the technological innovation. It provides
also information about the main sources of information to innovate,
the cooperation to innovate and finally the obstacles to the projects
of innovation. We know also general information such as size, sec-
tor of activity, technological intensity and group membership of the
firms. Finally, the merger of these data sets provides a sample of
2750 firms.
Table 1 displays descriptive statistics of the 21 HRM and KM
practices dedicated to innovation. In the first large questions C1 &
C3 dedicated to innovation strategy and development practices,
we noted the relative importance of the team-based organization
12 The SESSI is the industrial statistics department of the French Ministry of Economics,
Finances and Industry.
13 Survey CIS2 is based on the Oslo Manual drawn up by the OCDE, and revised in 1996.
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structure (76.7% of firms) and the inventory of employees’ compe-
tencies (64.1%). This last practice permit the firms to have an in-
ventory of fixtures of the knowledge and know-how incorporated
in their employees. This team-based work and inventory are de-
signed to acquire, refine, and reinforce employee skills and
behaviors necessary to implement the firm’s innovativeness. Look-
ing at the knowledge production practices (C4), autonomy is ex-
tensively used as a factor enhancing innovation (78.5%). Firms use
largely incentives devoted to the formulation of new ideas (76.5%)
in order to motivate and facilitate creation and sharing of new
knowledge within the firm. Using also individual reward (53.7%)
and accepting creative behaviors non-directly productive (58.8%),
firms permit to theirs employees to enhance the originality and
creativity of ideas. They organize a common pool of knowledge
(64.3%) that allows to share knowledge and to communicate more
easily around the projects of innovation.
Intellectual property rights strategy (C6) focuses on identifying
strategic knowledge and know-how of the firm (53.1%). Firms iden-
tify and make people aware that their knowledge is strategic and
confidential (53%). Doing so, firms inform employees about the con-
fidentiality of their knowledge in order to avoid dispersion of infor-
mation and communication. The HRM practices (C7) most used by
firms is to assess, before hiring people, the ability to work in team
(78.7%). Among all the 21 practices considered here, this practice is
also the most used one. Firms consider and exploit training proce-
dure as a strategic practice. Specially, firms make employee aware of
the importance of demanding and choosing an appropriate training
(63.1%). Additionally, half of firms (48.6%) assess the ability of em-
ployees to innovate. Thus, an efficient training policy is achieved
when employees are directly concerned and involved in the choice of
(their own) training programs, as they are the first concerned.
Innovating firms are those who introduced new technological
products and/or processes during the period 1994-1996. Our final
sample contains 62.7% of innovating firms. Innovating firms are
more prone to adopt HRM and KM practices to innovate (column 2
in Table 1). The mean dotation of HRM and KM practices is about
11.2 (out of 21) for the full sample of firms, whereas for innovating
firms is about 13.2 (this difference is statistically different at the 1%
level). Paying more attention to these fact, we can see that innovat-
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ing firms adopt a specific organization (composed of HRM and KM
practices). They are structured around their projects of innovation
(58.4%) and use extensively team-based work (89.7%). Team organi-
zation requires associated recruitments procedures assessing the
ability to work in team (89%) and making an inventory of employ-
ees’ competencies (72%).
In an innovation perspective, autonomy (used by 86.5% of in-
novating firms), incentives (84.8%), individual evaluation (62.6%)
and common pool of knowledge (72.3%) become essential to en-
hance creativity, originality and formulation of new ideas. Com-
pared to others firms, innovating firms accept more easily creative
but non-directly productive behaviors (68%), that permit to con-
struct a trust relation between firms and employees. Moreover, in
an innovation strategy, property rights mechanisms and specific
knowledge management become a strategic competence (65.9%).
Innovating firms identify more easily their strategic knowledge and
know-how (66.1%) and associated people (61.7%) than firms in the
full sample. They actively monitor the communication on strategic
knowledge (51.7%). Training programs are found to be more exten-
sively used by innovating firms (74.6%). They need more to hire
highly qualified people (39.7%) and assess their ability to innovate
(60.3%) via rigorous recruitments and selections protocols. There-
fore, the evidence generally supports hypothesis stating that sys-
tems of HRM and KM practices vary with firm-types.
Correlation between HRM and KM practices for innovation per-
mit to draw a first picture of the more used practices in combina-
tion.14 Not surprisingly, and in accordance to the evidence related
above, firms using team-based work made at the same time an as-
sessment of the ability to work in team, an inventory of employees’
competencies and permit them to demand and choose adequate train-
ing. Employees within teams benefit from specific incentive, au-
tonomy and reward in order to promote originality, creativity and
innovation. Moreover, team participants face an active and focused
intellectual property right strategy that permit to identify strategic
knowledge and associated employees. At the same time, team em-
ployees constitute a highly scientific qualification expertise coupled
with desired high innovation ability. They are aware that their knowl-
14 Detailed correlation statistics are available upon request.
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 All firms 
N=2750 
Innovating 
firms 
N=1726 
C1 &  C3  Innovation Strategy and Development Practices 
INVENTORY  Inventory of employees’ 
competencies 
64.15 72.13 
PROJECTS  Firm structured around its projects 
of innovation 
46.95 58.40 
TEAM   Team-based or com m on work to 
innovate  
76.69  89.75 
M OBILITY  Supports mobility between 
departm ents to innovate 
53.42 61.12 
C4  Knowledge Production Practices 
INCENTIVES  Incentives to new ideas 
formulation 
76.58  84.82 
AUTONOM Y  Leaves a certain autonom y level 
for innovation 
78.51  86.56 
INDIV EVAL  Individual evaluation of own 
originality and creativity  
53.71 62.63 
CREATIVE   Accepts creative but non-directly 
productive behaviors 
58.84  68.02 
REW ARDS  Rewards original ideas when 
accepted 
 46.55 54.11 
POOL KNOW   Conducts a comm on pool of 
knowledge 
64.33  72.31 
EVAL KNOW   Evaluation of collective 
knowledge production compared 
to rivals 
27.16  29.78 
INDIV KNOW   Assess the individual participation 
to the knowledge production 
20.84  22.2511 
C6  Intellectual Property Rights Strategy 
STRAT KNOW   Identify strategic knowledge and 
know-how 
53.16 66.16 
INDIV KNOW   Identify individuals with strategic 
knowledge  
49.31   61.70 
AW ARE KNOW   
 
M akes people aware that their 
knowledge is strategic and 
confidential 
53.02  65.93 
M ONITOR  M onitors the communication on 
strategic knowledge 
40.04 51.74 
M OTIVATE  
 
M otivates specifically employees 
with strategic knowledge 
(wage,career) 
40.25  50.64 
C7  Human Resources M anagement Practices 
QUALIFIED  Hiring highly scientifically 
qualified employees  
27.78 39.75 
ABILITY INNO  Assess the ability to innovate 48.62 60.37 
Table 1 – HRM and KM Practices for Innovation (21 variables; N=2750
firms) (% of manufacturing firms)
1Frequency equality is accepted at the 1% level, all others are rejected.
Figures in bold indicates higher value of frequency.
Source: SESSI (1997)
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edge forms a strategic and confidential advantage and finally they
receive specific motivation schemes (wage and career incentives).
As we defined C4 as knowledge production practices (including
eight practices), we note that all these practices are highly correlated.
A common pool of knowledge permitting to create, enhance and
share knowledge within the firm is constructed using adequate incen-
tives, autonomy, reward, creative and originality behaviors as core
practices. This entire knowledge oriented strategy is highly condi-
tioned by the ability of employees to work in team and by training
programs. Firms can’t achieve an efficient knowledge-based strategy
dedicated to innovation without an appropriate and efficient training
procedure. Therefore, training procedures is composed of selecting
the bests employees, offer them an appropriate and “fit” training
(that they demand and choose) in an innovation perspective.
Moreover, intellectual property rights strategy (C6) forms an
entire homogeneous procedure including: identification of strategic
knowledge and know-how and associated individuals and aware-
ness of people that their knowledge is strategic and confidential.
Monitoring the communication of this kind of knowledge and mo-
tivate specifically these employees permit to enhance the diffusion
of existing knowledge and production of new one within the firm.
Alternatively, these practices permit also to restrict diffusion of
knowledge without the firm. This strategy is contiguous to the use
of employees’ implication in training program. An efficient defense
of intellectual property rights is achieved when employees are in-
formed and aware of their specific possibilities and objectives con-
cerning their own knowledge.
As we noted above, the mean dotation of HRM and KM prac-
tices is about 11.2 (out of 21) for the full sample of firms, whereas
for innovating firms is about 13.2. When we look at firms’ size, we
noted that large firms are more prone to adopt and use formal HRM
and KM practices (since they declare a mean dotation of 14.2) than
others.15 Mean dotations of medium high technology (MHT) and
high technology firms (HT), respectively 13.4 and 14.4, tend to be
higher than the mean dotation of others firms. Concerning the
group membership, the mean dotations of french and foreign firms
are respectively 12.4 and 13.4. These results tend to prove that large
firms, high technological firms and firms belonging to a group are
15 Detailed descriptive statistics are available upon request.
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more prone to adopt and use formal HRM and KM practices than
other firm are.
FACTOR ANALYSIS AND CLUSTER ANALYSIS: THREE
ORGANIZATIONAL MODELS
 In this section, we seek to form clusters (or groups) of HRM
and KM practices in order to study organizational diversity of
manufacturing firms. These clusters are formed using the following
criterion: their linear combination must explain as much as possible
the variance of the responses to the HRM and KM practices. In
other words, each cluster should contain firms which are similar
regarding their HRM and KM practices, whereas clusters them-
selves should be as heterogeneous as possible. This cluster analysis
is useful in order to reduce the number of variables used in the
empirical regressions in the next section.
The HRM and KM practices variables resulting from the survey
are of binary qualitative nature. Thus, we carry out a Factor Analy-
sis (FA) and especially a Principal Component Analysis. The Prin-
cipal Component Analysis is a descriptive method, which makes it
possible to study the connections between qualitative variables.16 In
the framework of the FA, the quality of the adjustment provided by
the first factorial plan is satisfactory since this first two dimensional
factor space restores approximately 37% of total inertia. The Catell’s
criterion (called sometimes algorithm of the elbow) invites us to
retain the first three factorial axis.17
The Factor Analysis based on HRM and KM practices confirms
the results obtained by the binary correlations. The first factorial
axis gathers the organizational rules dedicated to the inventory of
employees’ competencies, the use of project in a team-based work
organization, the individual reward of creativity and originality as
well as the construction of a common pool of knowledge. This com-
mon pool of knowledge requires specific motivation procedures for
employees holding strategic knowledge. Assess the employees’
ability to innovate and permit them to demand and choose an ap-
16 The algorithm of the FA is applied to the complete disjunctive table resulting from the
table of condensed coding. We gave the state of active element to the 21 KM and HRM
practices variables. Since the active questions have two modalities (1 or 0), no KM and
HRM practices has a priori more importance than another.
17 The eigenvalues, rate of inertia and contribution to axis i’s variance are available upon
request.
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propriate training are associated with the preceding practices. With
regard to the second axis, we record the importance of a coherent
knowledge management strategy, regrouping incentives to new
ideas formulation, acceptance of creative behaviors, identification of
know-how. Associated people with strategic knowledge are identi-
fied and are considered as highly scientific qualified employees.
These KM practices are associated with making employees aware
that their knowledge is strategic and confidential and finally, with
monitoring the communication of this kind of knowledge. For the
third axis, the practices regrouped are the assessment of employees’
ability to work in team, their individual participation to the knowl-
edge production, and leaving us a certain autonomy level.
In Table 2, we find some evidence where HRM and KM prac-
tices form coherent strategic bundles considered as organizationals
models. We identify three clusters or bundles18 of organizational
practices as “HRM and KM practices systems” linked to theoretical
organizational models. These three clusters characterized respec-
tively (i) traditional firms at the work organization concerned; (ii)
firms using incentives personnel practices and (iii) learning firms
using, added to incentives, knowledge management practices. These
clusters contain respectively 808, 926 and 1016 firms.
As specified in next Fig 1, these clusters correspond to theoreti-
cal organizational models including modern organizational forms
without forgetting inspired tayloring firms, but show the important
place of incentives to develop competencies and knowledge. Tradi-
tional firms correspond to hierarchy firms based on control and
evaluation of employees. Firms using incentives practices are linked
to agency and incentives theories where hierarchy and control are
replaced by incentives and motivations. Finally, learning firms high-
lights the limits of agency and incentives theories, and are linked to
evolutionary theories based on competencies and knowledge. This
typology correspond to modern organizational forms without for-
getting inspired tayloring firms, but show the important place of
incentives to develop competencies and knowledge.
More precisely, traditional firms contains firms characterized
by few HRM and KM practices dedicated to innovation. Moreover,
half of firm leave a certain autonomy level for innovation, that con-
stitute the most used practice in traditional firms. Organized in
18 We use the classical Ward’s minimum variance criterion.
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All firms 
Traditional 
firms 
 
Incentive 
firms 
Learning 
firms 
C1 & C3  Innovation Strategy and Development Practices 
INVENTORY  64.15 34.65  71.38 81.00 
PROJECTS  46.95  16.58 54.21 64.47 
TEAM  76.69  36.14 92.22 94.78 
MOBILITY  53.52  19.18  65.01  70.08 
C4  Knowledge Production Practices 
INCENTIVES  76.58  43.07  92.22  88.98 
AUTONOMY  78.51 46.66  93.03  90.55 
INDIV EVAL  53.71  15.35 66.52 72.54 
CREATIVE  58.84  27.60  72.35 71.36 
REWARDS  46.55 16.71 56.70  61.02 
POOL KNOW  64.33 26.73  79.37  80.51 
EVAL KNOW  27.16  8.54  36.83  33.17 
INDIV KNOW  20.84 2.10  33.37  24.311 
C6  Intellectual Property Rights Strategy 
STRAT KNOW  53.16 11.63  45.14  93.50 
INDIV KNOW  49.31  7.55  37.90 92.91 
AWARE KNOW  53.02  10.02  45.14 94.39 
MONITOR  40.04  4.21 23.76 83.37 
MOTIVATE  40.25  4.70  31.86  76.18 
C7  Human Resources Management Practices 
QUALIFIED  27.78 2.72  19.11 55.61 
ABILITY INNO  48.62  10.77  49.891 77.56 
ABILITY TEAM  78.69 43.44 89.09  97.24 
TRAINING  63.13 25.12  71.38 85.83 
Mean dotation 
of HRM and KM 
Practices 
11.2  4.1  12.3  15.9 
Number of firms  2750 808 926  1016 
 
Table 2 – Firms’ organizational models of HRM and KM practices for in-
novation (21 variables; N=2750 firms)
1 Frequency equality between cluster and full sample is accepted at the 1% level, all others
are rejected. Figures in bold indicates higher value of frequency. Source: SESSI (1997)
team, such firms select employees (regarding their ability to work
together and their own competencies) and use incentive in order to
new ideas formulation. All others practices are adopted by less than
quarter of firms and the mean dotation of HRM and KM practices
is about only four practice out of 21.
The mean dotation of HRM and KM practices in incentive firms
is 12.3, that is more than 11.2 in the full sample. Incentive firms are
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Traditional firms  Incentives firms Learning firms 
Teams 
Competencies 
Teams 
Competencies 
Teams 
Competencies 
Incentives personnel 
practices 
Incentives personnel 
practices 
↓ 
↓ Knowledge management 
practices 
Hierarchy firms  
 
Agency and incentives 
theories 
↓ 
  Evolutionary theories 
based on competencies 
and knowledge 
 
Figure 1 – Organizational models and theoretical integration
more likely to use autonomy and incentives in a team-based and
employees’ competencies work structure. They focus on employees’
ability to work in team and adoption of an appropriate training strat-
egy in order to enhance their innovative capacity. A common pool of
knowledge is mostly conducted by these firms and is entangled in
the importance of strategic and confidential knowledge properties.
Finally, learning firms gathers firms who adopt and use all the
different HRM and KM practices equally and together. The mean
dotation of HRM and KM practices in learning firms is 15.9 out of 21.
Firms make more extensive use of team, inventory of employees’
competencies, assess the ability to work in team and to innovate,
incentives, individual evaluation, autonomy, common pool of knowl-
edge and training (almost 80-90% of firms use these practices indi-
vidually). These features support hypothesis of core
complementarities bundle of the firm. These HRM and KM practices
form a coherent system of mutually reinforcing practices, since doing
more of one practice increases the returns to doing more of another.
Learning firms also complement these practices by an adequate
and extensive knowledge management strategy. They identify the
strategic knowledge and know-how, and people holding this type
of knowledge. They organize their knowledge production around
the strategic and confidential properties of knowledge. Not surpris-
ingly, a common pool of knowledge is conducted based on a team-
work structured around project of innovation. Firms pay a special
attention to the monitoring of the knowledge communication and as
a consequence, they motivate specially people concerned. In an
innovation perspective these practices become essential to enhance
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creativity, originality and formulation of new ideas and strategic
knowledge. These practices act in favour of cross-functional com-
munication and information, enhance personnel involvement, and
develop or better utilize employees’ talent.
ORGANIZATIONAL MODELS: COMPLEMENTARITY SYSTEM EFFECTS
 In the following, we pay special attention to complementarities
between HRM and KM practices and their impact on innovation
performance. Different probit models explaining technological inno-
vation are specified. It may be noted that the null hypothesis testing
if the set of explanatory variables is equal to zero is strongly re-
jected by the likelihood ratio test for all our four specifications.
When we regresses innovation by “traditional” variables (size, tech-
nological intensity and group membership. We find some interest-
ing results. Large firms are in general more prone to introduce tech-
nological innovation than small firms are. Being a high
technological firm have highly significant and positive impact on
the innovation probability. Group membership acts in favour of
innovation. Moreover, firms belonging to a foreign group innovate
more easily than french firms. These evidence are in accordance
with many stylized facts.19
In order to test the impact of individuals HRM and KM prac-
tices, we estimate another model including all our 21 practices in-
dividually.20 We find also positive and significant effect of firms’
size. Moreover, high technological sectors and group membership
become insignificant. Concerning the HRM and KM practices, we
first noted that only 10 practices out of 21 are individually signifi-
cant. Team-based organization (TEAM) around innovation projects
(PROJECTS) and adequate internal alignment of HRM and KM
practices (including specific recruitment assessing employees’ abili-
ties (QUALIFIED and ABILITY TEAM) and acceptance of creative
behaviors (CREATIVE)) have positive and large impact on innova-
tion performance. Innovative capacities are also enhanced in devel-
oping an active knowledge management strategy (identify strategic
knowledge and know-how (STRAT KNOW) awareness of strategic
and confidential use of knowledge (AWARE KNOW) and related
specific motivation procedures (MOTIVATE)).
19 See Encaoua et al. (2000) and Kleinknecht and Mohnen (2001).
20 We do not include all these results in this paper, but they all are available upon request.
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Surprisingly, two practices have significant and negative im-
pact on innovation in this model. Firstly, support mobility of em-
ployees between departments (MOBILITY) reduces innovation ca-
pacity. Changing personnel attribution and role without total
implication of employees concerned can be counterproductive in
terms of creativity and innovativeness. Secondly, evaluation of the
individual participation to the knowledge production (INDIV
KNOW) restricts innovation capacities. When it occurs, an effective
individual evaluation requires specific procedures and rules of con-
trol, and can reduce autonomy and trust relation among employees
and firms. As a consequence, it can also annihilate creative and
original ideas formulation, and reduce voluntary participation and
communication among employees.
We find that being traditional firms or incentive firms have a
significant and negative impact on the probability to innovate.
Learning firms are strongly significant for firm’s ability to innovate.
While individual HRM and KM practices have some positive im-
pact on innovation HRM and KM practices organizational “sys-
tems” or clusters are significantly more conducive to innovation
than individual practices. We take this as evidence of
complementarities between HRM and KM practices in this analysis.
Furthermore, we can conclude that learning firms are more
prone to innovate compared to others firms. Complementarities
between team-work (TEAM) and innovation projects organization
(PROJECTS), specific recruitment (based on high qualifications
(QUALIFIED), employees’ competencies (INVENTORY), ability to
innovate (ABILITY INNO) and to work in team (ABILITY TEAM)),
incentives (INCENTIVES), autonomy (AUTONOMY), individual
evaluation (INDIV EVAL) and training (TRAINING) exist and are
largely efficient in an innovation perspective.
These practices are complemented efficiently by adequate and
extensive knowledge management and intellectual property rights
strategy including constitution of a common pool of strategic and
confidential knowledge (POOL KNOW and AWARE KNOW) and
specific motivation of people concerned (MONITOR and MOTI-
VATE). Identification of the strategic knowledge and know-how
and people holding this type of knowledge (STRAT KNOW and
INDIV KNOW) imply a monitoring of the communication (MONI-
TOR) and act as a complementary practice.
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These evidence shows that the effect of the individual HRM
and KM practices in models without the HRM and KM clusters
disappear once the HRM and KM clusters are also included. In
other words, the systems of HRM and KM practices determine in-
novation performance, while marginal changes in individual prac-
tices have little effect.
Then, in an innovation perspective, all these practices become
essential to perform and enhance creativity and originality. HRM
and KM practices are found to form a system of interdependent
practices conducive to technological innovation. These results add
one more piece of evidence stating that HRM and KM practices
form a coherent system of mutually reinforcing practices and act in
favour of technological innovation.
These results have important implications for managerial prac-
tices and advancing research related to knowledge management
strategies, human resource system design, and complementarity
effects between HRM practices. They imply to construct a more
comprehensive integration between agency and incentives theories
and theories based on competencies and knowledge. An important
result is that competencies and knowledge practices complements,
and not substitutes, incentives and motivations schemes.
FOUR SPECIFIC PRACTICES: TEAM, INCENTIVES, TRAINING
AND KNOWLEDGE MANAGEMENT
As regard on evidence above, we focus now on four specific
practices mainly used by firms: teams-based or common work; mo-
tivate specifically (wage, career); demand and choose an adequate
training; and awareness that knowledge is strategic and confidential.
We noted the relative importance of the team-based organiza-
tion structure (TEAM, 76.7% of firms). This team-based work is
designed to acquire, refine, and reinforce employee skills and
behaviors necessary to implement the firm’s innovativeness. Specific
motivation procedures (wage, career) are dedicated to employees
that holds strategic knowledge (MOTIVATE, 40.2%). These incen-
tives are devoted to motivate and to facilitate creation and sharing
new knowledge within the firm. Using individual reward, firms
permit to theirs employees to enhance originality and creativity of
ideas. Moreover, the use of team-based work can allow to share
knowledge and to communicate more easily around the projects of
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innovation. Additionally, firms identify and make people aware that
their knowledge is strategic and confidential (AWARE KNOW,
53%). Doing so, firms inform employees about the confidentiality of
their knowledge in order to avoid dispersion of information and
communication. Finally, firms consider and exploit training proce-
dure as a strategic practice. Specially, firms permits employee to
demand and choose an appropriate training (TRAINING, 63.1%).
Innovating firms are those who introduced new technological
products and/or processes during the period 1994-1996. Our final
sample contains 62.7% of innovating firms. We find that innovating
firms are more prone to adopt HRM and KM practices in order to
innovate. The mean dotation of HRM and KM practices is about 2.3
for the full sample of firms, whereas for innovating firms is about 2.8
(this difference is statistically different at the 1% level). Paying more
attention to these fact, we can see that innovating firms seem to adopt
a specific organization (composed of HRM and KM practices). They
use extensively team-based work (89.7%). Moreover, compared to the
full sample and to the non-innovating firms, innovating firms use
more intensively associated motivation and incentive procedures
(50.6%). In an innovation perspective, training programs are found to
be more extensively used by innovating firms (74.6%). They actively
involve employees in the strategic and confidential nature of knowl-
edge (65.9%) since it become essential to keep creativity, originality
and formulation of new ideas within the firm.
Correlation between the four HRM and KM practices for inno-
vation are reported . We can draw a first picture of the more used
practices in combination. Not surprisingly, and in accordance to the
evidence related above, firms using team-based work permit at the
same time to theirs employees to demand and choose adequate
training. Moreover, team-based work is associated to strategic and
confidential nature of knowledge embedded in team members.
Therefore, employees within teams benefit from specific incentive
in order to promote originality, creativity and innovation. At the
same time, they are aware that their knowledge forms a strategic
and confidential advantage and they receive specific motivation
schemes (wage and career incentives).
The distribution of firms by size takes the standard classifica-
tion used by the SESSI. We use also three categories of size (small
firms (SF) from 20 to 99 employees, medium-sized firms (MF) from
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100 to 499 employees and large firms (LF) of 500 employees and
more) in order to widen the traditional contrast between small and
large firms. In the full sample, 22% are large firms (LF), 26% are
medium firms and 51% are small ones. Among innovating firms,
one out of three is a large firm (LF). We observe the same propor-
tion for the medium-sized firms (MF). Innovating small firms (SF)
account for 38.7% of our sample.
Sectorial effects (line of business) are taken into account by
technological intensity. The technological intensity of firms, used by
the SESSI, is a typology carried out by the OECD in 1994. Four
groups were formed: sectors of high technological intensity (HT),
medium high technology (MHT), medium low technology (MLT)
and low technology (LT). It is about a gathering of the industrial
sectors according to direct and indirect intensity21 of R&D in the
production, weighted by the 10 principal Member States. The full
sample contains four out of ten low technology firms (LT), 35% of
medium low technology firms (MLT), 18% medium high technology
firms (MHT) and finally 7% of high technology firms (HT). A third
of innovating firms belongs to the group of low technology (LT),
37% remains for the group of medium low technology (MLT). The
group of medium high technology (MHT) accounts for 22.3%. High
technology (HT) represents one firm out of ten.
Additionally, we use group membership information. Independ-
ent firms represents 44% of our sample, 31% belongs to a french
group and 23% to a foreign group. Among innovating firms, distri-
bution acts in favour of foreign group (30%) and french group (36%).
Independent innovating firms are less (33%) than in the full sample
(44%). Therefore, innovating firms tend to be larger, more technology
oriented firms and belonging to a group than others firms are.
Finally, we also include R&D variables dedicated to innovative
activities: internal R&D and external R&D. Internal R&D relates to
44% of firms. However, two firms out of ten sub-contracts R&D
(external R&D, including with another firm of the group). Among
innovating firms, six firms out of ten and 26% of them are engaged
respectively in internal R&D and in external R&D.
21 After measurement of the intensities by sectors, 4 groups were formed: High Technology
(intensity>8,5%), Medium High Technology (2,6%<intensity<4,5%), Medium Low
Technology (1%<intensity<2,6%) and Low Technology (intensity<1%). To obtain the
connection between the groups of technological intensity and NAF level 114 French
nomenclature, refer to François (1998, pp. 154-155).
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As we noted above, the mean dotation of HRM and KM prac-
tices is about 2.33 (out of 4) for the full sample of firms, whereas for
innovating firms is about 2.81. When we look at firms’ size, we noted
that large firms are more prone to adopt and use formal HRM and
KM practices than others since they declare a mean dotation of 3.07.
Mean dotations of medium high technology (MHT) and high technol-
ogy firms (HT), respectively 2.80 and 3.06, tend to be higher than the
mean dotation of others firms. Concerning the group membership,
the mean dotations of french and foreign firms are respectively 2.63
and 2.88. Finally, we can note that firms engaged in internal and
external R&D are more prone to use HRM and KM practices than
others, where the mean dotation are respectively 2.93 and 3.00.
However, we can note the relative importance of procedure
avoiding knowledge disclosure (AWARE KNOW) and schemes
motivating employees (MOTIVATE) during the externalization of
R&D. Specially, 78% of firms doing internal R&D use this knowl-
edge management procedure, since they are 83% among firms doing
external R&D. Moreover, 71% of firms engaged in internal R&D use
specific motivation schemes, where as 73% of firms doing external
R&D are concerned.
To sum up, we find statistical differences between firms’ char-
acteristics such as: (i) large firms use more appropriate HRM and
knowledge management procedures permitting to create and exploit
knowledge, than small firms do; (ii) high technological firms pay
more attention to HRM and KM practices than others firms; (iii)
firm belonging to a group are more prone to adopt an adequate
knowledge management strategy and related HRM than others
firms are; (iv) firms engaged in external R&D use more intensively
knowledge confidentiality and specific motivation schemes than
firms engaged in internal R&D; and (v) innovative firms use more
intensively team work, specific incentives, training program and
knowledge management than the sample mean.
These results tend to prove that large firms, high technological
firms, firms belonging to a group and firms engaged in R&D are
more prone to adopt and use formal HRM and KM practices than
other firm are.
One way to test for complementarity is to test whether the
practices are correlated. For instance, if practice (TEAM) occurs
more often together with practice (MOTIVATE), rather than sepa-
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rately, we may interpret this in favor of complementarity between
the two practices.
In terms of pairwise complementarity, we can infer some
evidence in favor of complementarity. For example, training
(practice x3, TRAINING) and knowledge awareness (practice x4,
AWARE KNOW) appear complementary since the occurrence of
(0000) plus (0011) is more frequent than (0001) plus (0010). Fur-
thermore, when firms use team and specific motivation schemes
together (practices x1 , TEAM and x2, MOTIVATE), we can see
that (1111) plus (1100) occurs more often than (1101) plus (1110).
Finally, the remaining two constraints for training (x3) and
knowledge awareness (x4) are also met. These four constraints
hold for the full sample, as well as for both sub-samples i.e. in-
novating firms and non-innovating firms Therefore, these de-
scriptive evidence act in favor of pairwise complementarity of
training (x3) and knowledge awareness (x4).
In order to check all the other constraints for all other practice
pairs we have to consider a large number of possible counts (20
constraints). As this checking is tedious, yet we can conclude that
there is important descriptive evidence in favor of complementarity
for other obstacle pairs as well. However, concluding from this on
supermodularity of the innovation function can be premature. These
descriptive statistics can only be considered as suggestive evidence
of complementarity. They do not provide an effective test of
complementarity, since they do not control for any other variables.
Therefore, in the following we turn to a more systematic method by
using an econometric approach.
COMPLEMENTARITY EVIDENCE: TESTING FOR SUPERMODULARITY
In order to pay special attention to innovation performance, we
estimate probit models explaining the probability to innovate.
Regresses probability to innovate by “traditional” variables (size,
technological intensity and group membership). Large firms are in
general more prone to introduce technological innovation than small
firms are. Being a high technological firm have highly significant and
positive impact on the innovation probability. Group membership
acts in favour of innovation. Moreover, firms belonging to a foreign
group innovate more easily than french firms. As we said above,
these evidence are in accordance with many stylized facts.
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In order to test the impact of individuals HRM and KM prac-
tices, we estimate including all our four practices individually. We
find also positive and significant effect of firms’ size. Moreover,
high technological sectors and group membership become insignifi-
cant. Concerning the HRM and KM practices, we first noted that
three practices out of four are individually significant. Team-based
organization (TEAM), specific motivation schemes (MOTIVATE)
and awareness of strategic and confidential use of knowledge
(AWARE KNOW) have positive and significant impact on innova-
tion. Nevertheless, appropriate training programs (TRAINING)
have an insignificant impact on the probability to innovate.
Additionally to control variables, we introduce the set of state
dummy variables in order to estimate their impact on innovation. We
find that several practice states are not significant in the probability
to innovate. Among the practice states being significant, a majority of
them have a negative impact on innovation. However, this economet-
ric estimation display evidence of firms using all the four HRM and
KM practices jointly are more prone to innovate. The extreme practice
state (1,1,1,1), where one is everywhere, induce the highest propen-
sity to innovate. Furthermore, the practice state (1,0,1,1) have a sig-
nificant and positive impact on the probability to innovate. In others
words, firms using simultaneously team-based organization (TEAM),
appropriate training programs (TRAINING) and confidential use of
knowledge (AWARE KNOW) have a higher probability to innovate.
It is important to note that these individual significance and
signs of the coefficients on the practice states do not directly pro-
vide a test whether the innovation function is supermodular or
submodular for two reasons. First, supermodularity involves to test
linear constraints of several coefficients. Second, supermodularity
requires to test the joint distribution of several of these linear con-
straints. Therefore, it can be possible that all coefficients are statis-
tically insignificant, even though the joint hypothesis for
supermodularity is accepted.
In the first step the model is estimated three times, once uncon-
strained, once imposing greater or equal restrictions and once im-
posing less or equal restrictions. In the second step, the constrained
model that produced the highest log-likelihood value in the first
step22 is tested against the equality restricted alternative using the
22 The model for which the imposition of the inequality restrictions are least objectionable.
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LR test. We compare, in the first step, the log-likelihood value of the
unconstrained model with the constrained log-likelihood values.
This suggests to test for substitutability in case of team & motiva-
tion schemes, motivation schemes & training, and training & knowl-
edge management. Complementarity is tested in the cases of team
& training, team & knowledge management, and motivation
schemes & knowledge management.
The log-likelihood ratio tests show, in the second step, that the
null hypothesis of no substitutability cannot be rejected for the
practices team & motivation schemes, motivation schemes & train-
ing, and training & knowledge management. These results occur
because the corresponding LR test statistics are less than the tabu-
lated value. Test of complementarity relationship between the prac-
tices team & training, team & knowledge management, and motiva-
tion schemes & knowledge management against the null of no
complementarity effectively establishes them as complements. For
example, result does reveal a complementary relationship between
team & training: the LR test against the null of no complementarity
is rejected, the value 12.525 being greater than the critical upper
bound value 12.483.
The result supports the notion that knowledge management is
more effective if accompanied by team organization and associated
incentive schemes. Then knowledge management have greater impact
on innovation performance when accompanied by necessary changes
in organizational practices such as team implementation and specific
motivation schemes (wage, career). In other words, team work must
be systematically associated with incentives and knowledge manage-
ment in order to reach the maximum performance.
CONCLUSION
 This paper permits to map out a more comprehensive struc-
ture and strategy of the firms in the knowledge-based economy. In
an innovation perspective, we investigate arrangements capable of
enhancing, capturing and utilizing knowledge within French manu-
facturing firms. This paper aims at studying the complementarities
between HRM and KM practices, and their impact on innovation at
the empirical.
First, organizational diversity of the firms is showed since we
identify three clusters or bundles of organizational practices as
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“HRM and KM practices systems”. These three clusters character-
ized respectively (i) traditional firms at the work organization con-
cerned; (ii) firms using incentives personnel practices and (iii) learn-
ing firms using, added to incentives, knowledge management
practices. These three clusters correspond to theoretical organiza-
tional models. Traditional firms correspond to hierarchy firms based
on control and evaluation of employees. Firms using incentives
practices are linked to agency and incentives theories where hierar-
chy and control are replaced by incentives and motivations. Finally,
learning firms highlights the limits of agency and incentives theo-
ries, and are linked to evolutionary theories based on competencies
and knowledge. Results permit to conclude that HRM and KM prac-
tices bundles have significant and positive impact on innovation
performance, while marginal changes in individual practices have
little effect. Empirical evidence confirms that complementarities
between HRM and KM practices exist such as these components
practices reinforce each others. This demonstrate that these practices
act as a coherent system, rather than individual components, linked
to the firm’s types and knowledge management strategies.23
Second, focusing on four specific practices; team, incentives,
training and knowledge management; we use a new testing proce-
dure, based on the supermodularity concept, for complementarity
and substitutability in case of multiple organizational practices. This
procedure is based on multiple inequality restriction of the innova-
tion function.
The result supports the notion that knowledge management is
more effective if accompanied by team organization and associated
incentives. An important result is that competencies and knowledge
practices complements, and not substitutes, incentives and
motivations schemes. It pleads in favour of the important interrela-
tions and couplings between knowledge management and specific
HRM practices. Then, in an innovation perspective these practices
become essential to perform and enhance creativity and originality.
Knowledge management thus implies a deep organizational re-
newal of the firms rather than a management fashion effect.
These empirical results imply to construct a more comprehen-
sive integration between agency and incentives theories and theo-
ries based on competencies and knowledge. One theoretical inves-
23 For see more tables and appendix in http://www.dime-eu.org/node/274.
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tigation way could be the study of the impact of practices imple-
mentation costs within firms. This model can permit to explain the
intensive use of practices in some industry sectors where as some
firms maintains the use of traditional practices.
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